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The crystal structures of eight binary rare earth antimonides of composition RsSb3 are found to be 
of the D88 structure type. Seven ternary compounds of composition R'sSb3X (where R ' =  Ti, Zr, Hf 
and X = N i ,  Cu, Zn) select the HfsSnaCu structure type, a filled up version of the D88 structure type. 

In cont inuat ion of an intensive research program 
(Jeitschko & Parth6, 1967; Jeitschko & Parth6, 1965; 
Schob & Parth6, 1964), to investigate the occur- 
rence and stability of  the D88 structure type, we 
studied the crystal structures of b inary rare earth 
ant imonides of  composit ion RsSb3 and Ni, Cu-, Zn- 
stabilized ant imonides of Ti, Zr  and H f  of  composi- 
t ion (Ti, Zr, Hf)sSb3(Ni, Cu, Zn). 

The rare earth ant imonides were prepared by 
melt ing the components  under  argon atmosphere and 
at low excitation voltages in an arc melt ing furnace. 
The composit ions were controlled by checking the 
weight losses during the preparat ion;  they were found 
to be negligible. The ternary Ti, Zr and H f  compounds  
were prepared by sintering stoichiometric mixtures in 
evacuated silica tubes for up to eight weeks at 800 °C. 

Rare earth antimonides 

All rare earth compounds  could be indexed with hex- 
agonal unit  cells and lattice constants as given in 
Table 1. These compounds  crystallize with the normal  
D88 structure type: space group P63/mcm ( D ~  with 
four R atoms in 4(d), six R atoms in 6(gi) with xz,-,0"25, 
and 6Sb in 6(gii) with x i i~0 .61 .  The structure of 
HosSb3 has b e e n  refined f rom powder diffractometer 
tracings, using 46 observed and unobserved reflections 
and the least-squares program by Gantzel,  Sparks & 
Trueblood (1961). The final parameters are Xr~o= 
0"2437 + 0.0002, xsb = 0.6085 + 0"0003. The isotropic 
temperature factor B of Ho was found to be 1.2, and 

the isotropic temperature factor B of Sb was calculated 
to be 0.4. 

The R value Z" IIFobsl- IFoalel I/- r IFobsl was found to 
be 0.097. The intensity calculation for HosSb3 using 
the new parameters is given in Table 2. 

Table 2. Intensity calculation for HosSb3 with D88 
structure type 

Cu Kel radiation Xao = 0.2437, Bao = 1.20 
(2=1.54051 /~) XSb =0"6085, BSb=0"40. 

hkil dc 103 sin2 0e 103 sin2 0o 
10T0 7"665 10-10 10"04 45"8 
1120 4"425 30"29 30"15 0"5 
20~0 3"832 40"39 40"43 64-5 
1121 3"608 45"56 45"74 5-8 
0002 3.116 61.07 61.01 161-3 
2130 2"897 70"68 70"70 339"7 
10T2 2.887 71.17 71.42 197-0 
2131 2.627 85.95 85.97 1000.0 
3030 2"555 90.87 90"63 451"7 
1122 2.548 91"36 91"63 782.7 
2022 2 . 4 1 8  101.46 101-42 51.0 
222[0 2.212 121-16 - -  6.0 
31~0 2.126 131.26 ~ 31.3 
2132 2.122 131.75 j 131"36 1-4 
22~1 2 " 0 8 5  136"43 136"72 61.9 
31~1 2.012 146"53 146.44 84"2 
3032 1 " 9 7 6  151.94 152.05 0-8 
40~0 1 " 9 1 6  161-55 161"86 18-2 
1123 1"880 167"70 - -  0.5 
22~2 1 . 8 0 4  182.23 186.4 188.9 
32g0 1 " 7 5 8  191.84 ~ 192.14 6-1 
31~2 1 " 7 5 6  192.33 26-0 
3251 1"692 207.11 207-23 107"4 
2133 1"688 208.09 208"51 239"7 
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LasSb3 
CesSb3 
PrsSb3 
NdsSb3 
GdsSb3 
TbsSb3 
DysSb3 
HosSb3 
YbsSb3 

Table 1. RsSb3 phases with D88 structure type 

a c c/a 
9.42 +0.01 6.62 +0.01 0.703 
9.302+0.009 6.514+0.005 0.7003 
9.233+0.004 6.510+0.004 0.7050 
9.180+0.005 6.463 +0.005 0.7041 
8.975 + 0.004 6"343 + 0.003 0.7067 
8.920 + 0.003 6.304 + 0.003 0.7067 
8.870 + 0.004 6.266 + 0.003 0.7064 
8.851 +0.002 6.234+0.002 0.7043 
8.995 6.870 0.764 

V 
508.7 
488.1 
480.6 
471.7 
442-5 
434.4 
427.0 
423-0 
481.4 

* (1) This work. (2) Bodnar & Steinfink, 1967. 
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Table  2 (cont.) 

hkE de 103sin 2 0e 103sino 02 
4150 1.672 212-03 212.49 86.8 
40~2 1.632 222.62 222.87 123.4 
4151 1.615 227.30 - -  6.1 
0004 1.558 244.29 244.43 87.3 
5050 1.533 252.42 252.58 33.7 
3252 1.531 252.91 253.02 34.4 
1014 1-527 254.38 - -  0.9 
22~3 1-514 258.57 259.07 21.0 
3143 1.486 268.67 268-67 30.5 
33~0 1.475 272.61 ~ 273.78 4.0 
4152 1-473 273-10 28.7 J 

1124 1 - 4 7 0  274"58 ~ 0"0 
42~0 1"448 282-71 282"69 66-3 
2024 1"443 284.67 284.27 5"2 
33~1 1"435 287-88 287"90 63"1 
42~1 1"411 297"98 298"23 28-1 
51~0 1"376 313"00 ~ 25"2 
5052 1"375 313"49 j 313"51 135-4 
2134 1"372 314"96 315"13 55"3 
51gl 1.344 328-27 / 328"66 48"3 
3253 1"342 329"25 44"8 J 

3392 1"333 333"68 334"25 45"3 
3034 1.330 335.16 335.57 97.7 
42~2 1"313 343"78 343"83 10"8 
4153 1"303 349"44 - -  2"8 
60~0 1"277 363"48 - -  1"9 
22~4 1 " 2 7 4  365"45 - -  1-5 
4370 1 " 2 6 0  373"58 ~ 2"9 
51~2 1"259 374-07 - -  0"0 
31~4 1-256 375"54 - -  10"4 
4371 1"235 388"85 389"23 15-8 
5270 1 " 2 2 7  393"78 393"48 13-1 
40~4 1"209 405"83 ~ 5"9 
5271 1"204 409"04 ~ 35"2 
33~3 1.202 410-02 410-09 32.4 
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For these line pairs it was possible to measure the indivi- 
0 values but only a common intensity value. 

In  Fig. 1 are  p lo t ted  the cube  roots  o f  the  v o l u m e  
of  one  f o r m u l a  uni t  RsSb3 versus the  3-valent  ionic  
radi i  of  the rare  ea r th  e lements  in a way  which  we have  
discussed before  ( H o h n k e  & Par th6,  1966; Par th6,  
1967). The  slope of  the da ta  points  indicates  tha t  the  
e lec t ron ic  state of  the  rare  ea r th  meta ls  in these com-  
p o u n d s  is the  same except  for  Yb  wh ich  shows an  
ex t r ao rd ina r i l y  big devia t ion .  The  dev ia t ion  is also 
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Fig. 1. Cube roots of the formula units of RsSb3 compounds 
with D88 structure type versus the 3-valent ionic radii of the 
rare earth metals. 

f o u n d  wi th  the axial ra t io  as can  be seen in Tab le  1, 
where  the  c/a index for  YbsSb3 is 0.764, whereas  the  
c/a ra t io  for  the o the r  c o m p o u n d s  is ~0 .707 .  

Ni,  Cu- or Zn-stabil ized antimonides of  Ti,  Zr and H f  

All these c o m p o u n d s  cou ld  again  be indexed  with  hex- 
agona l  un i t  cells, and  lat t ice cons tan t s  as given in 
Table  3. The  ext inc t ions  are  the same as for  the D88 
s t ruc ture  type (hOhl with l = 2n + I);  however ,  the  struc-  
tu re  is n o w  a filled up vers ion of  the D88 s t ruc ture  type  
as descr ibed  for  HfsSn3Cu. (Rieger ,  N o w o t n y  & Bene- 
sovsky,  1965): space g r o u p  P63/mcm (D36h) with  4 H f  
in 4(d),  6 H f  in 6(gi) with xi,,~0"27, 6 Sb in 6(gn)  wi th  
x H ~ 0 " 6 1 ,  2 Cu  in 2(b). A n  intensi ty  ca lcu la t ion  us ing 
these pa rame te r s  was m a d e  for  HfsSb3Zn as s h o w n  in 
Table  4. The  a g r e e m e n t  is excel lent ;  it was no t  felt 
necessary  to p e r f o r m  a re f inement  on  this s t ruc ture .  

Tab le  3. Ternary antimonides with HfsSn3Cu type, 
a filled-up version o f  the D88 structure type 

a c c/a 
TisSb3Cu 
ZrsSb3Ni 
ZrsSb3Cu 
ZrsSb3Zn 
HfsSb3Ni 
Hf5Sb3Cu 
HfsSb3Zn 

V 
8.020±0-010 5.515 ±0.010 0.687 307.2 
8.530 ± 0.005 5-773 ± 0.005 0.677 363.8 
8.526±0-007 5.786±0.005 0.679 364.3 
8.555 ± 0.007 5.820 ± 0.005 0.680 368.9 
8-469 ± 0.004 5.715 ± 0.004 0.675 355.0 
8"476 ± 0"004 5"724 ± 0.004 0"675 356"1 
8"514± 0"003 5"747 ± 0"003 0 " 6 7 5  360"8 

hkE 
IOTO 
11To 
20~0 
1121 
0002 
2150 
1012 
2131 
3030 
1122 
2022 
2240 
31~0 
2132 
22~1 
31~1 
3032 
40~0 
I I ~ 3  
2242 
3250 
31~2 
3251 
4150 
2133 
40~2 
4151 
5050 
3252 
0004 
22~3 
33~0 

Tab le  4. Intensity calculation for  HfsSb3Zn 
with HfsSn3Cu structure type 

Cr K~ radiation, xr-rr=0"270, XSb=0"610. 

dc 103sin20c 103sin20o 
7-3733 24.13 m 21 
4.2570 72.40 - -  6 
3.6867 96.54 m 28 
3-4208 112.13 113.6 60 
2.8735 158.90 160-3 102 
2.7869 168.94 170.7 153 
2.6774 183.04 184.0 67 
2.5076 208.67 210-4 719 
2.4578 217.21 219.0 801 
2.3817 231.31 232.8 1000 
2.2664 255.44 - -  16 
2.1285 289-61 - -  15 
2.0450 313.74 - -  3 
2.0005 327-84 - -  1 
1.9960 329.34 - -  < 1 
1.9267 353.47 355.5 149 
1.8678 376.11 - -  11 
1.8433 386.15 - -  26 
1.7469 429.94 - -  9 
1.7104 448.51 449.5 272 
1.6916 458.55 ~ 9 
1.6661 472.65 473.0 30 
1.6227 498.27 499.1 152 
1.6090 506-82 507.7 68 
1.5787 526.47 527.5 201 
1.5515 545.05 546.2 123 
1.5494 546-54 - -  2 
1.4747 603.35 ~ 10 
1.4577 617.45 - -  8 
1.4367 635.62 636.1 137 
1.4239 647.15 - -  < 1 
1.4190 651.62 - -  53 

l o  

m 

V V W  

V W  

W 

V W  

s 

s+ 
V S  

m 

S m  

1)W 

m+ 
w m  

m s  

m 

m+ 

W 



458 A N T I M O N I D E S  W I T H  D88 A N D  HfsSn3Cu S T R U C T U R E  T Y P E S  

Table 4 (cont.) 

hkil ee 103 sin2 0c 103 sin2 0o le 
10T4 1.4102 659.75 - -  1 
4152 1.4039 665.72 666.1 223 
31~3 1.3981 671.28 671.0 87 
42?;0 1.3934 675.76 675.9 82 
337;1 1.3776 691.35 691.4 49 
1124  1.3613 708.02 - -  < 1 
42?;1 1.3542 715.48 716.0 183 
20~24 1"3387 732.16 732.2 6 
51?;0 1.3243 748.16 748.5 89 
5052 1.3120 762.26 762.7 99 
517;1 1.2905 787"88 788.0 289 
21~4 1.2770 804-56 805.0 77 
33?;2 1.2723 810-53 811.0 81 
3253  1-2680 816-08 816.0 174 
42?;2 1.2538 834.66 834.6 44 
30~4  1.2404 852.83 852.3 633 
4153 1"2321 864"35 - -  3 
60?;0 1"2289 868"83 868"6 39 
4370 1"2122 892"96 - -  25 
517;2 1"2027 907'06 906"5 59 
22~I4 1"1908 925"23 925"5 26 
4371 1"1861 932"69 932"9 43 
5270 1" 1807 941 "23 940" 8 177 

only ones to stabilize the D88 structure with the fourth-  
lo group antimonides.  In particular,  it was found impos- 

sible to use C, B, Fe, Co, Mn, Ru, Pt  or Ir  as stabilizers. 
s -  In this connection, it should be mentioned that  VsAsa 
m does not  exist as binary D88 phase but  must  be stabi- 
m lized by carbon (Boller & Nowotny ,  1966). Whether  a w 
_ part icular  stabilizing a tom can be used or not  depends, 
ms it seems, upon the size of  the octahedral  void. 
vw A detailed discussion about  the occurrence of  all 
m representatives of  the D8s and related structure types 
m will be given at a later time. s 
w m  

wm This study is a contribution f rom the Labora to ry  for  
ms Research on the Structure of  Matter ,  Universi ty of  
v w  
vs Pennsylvania~ supported by the Advanced Research 
- -  Projects Agency, Office of  the Secretary of  Defense. 
vw It  was supported by the U.S. Public Heal th  Service 
- -  under USPH-gran t  DE-02135. The financial assistance 
vw of the sponsoring agency is gratefully acknowledged. t) I) W 

1)W 
m 

The similarity of  the X-ray pat terns indicates that  
all the other compounds  listed in Table 3 were of the 
same structure type. 

Discussion 

Stable binary antimonides with D88 structure seem to 
fo rm only with the rare earth elements. The earlier re- 
por ted ZrsSb3 (Bo l l e r& Parth6, 1963) is extremely un- 
stable; it decomposes in air within half  an hour.  I t  
seems that  TisSb3 and HfsSb3 do not  fo rm at all. How-  
ever, all these four th-group antimonides can be sta- 
bilized by addit ion of  Ni, Cu or even Zn atoms which 
then occupy octahedral  voids in the structure. Our  ex- 
periments indicate that  these three elements are the 
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